This may increase the antimicrobial activity of lawsone methyl ether. In addition, a dimeric molecule of methylene-3,3'-bilawsone caused a decrease in its antimicrobial potency. This may be due to either poor solubility or to a steric effect of the dimeric molecule that reduces the ability of the molecule to pass through the cell membrane or bind with the target enzyme.
Although there are many reports on antimicrobial activities of I. balsamina naphthoquinones, some studies have reported that certain extracts of I. balsamina were inactive or had poor antimicrobial activities (Voravuthikunchai et al., 2004) . This might be due to poor quality of collected I. balsamina leaves, or the extraction procedure used yielding low naphthoquinone content. The selection of high-yielding naphthoquinone I.
balsamina strains as a source of naphthoquinones has been investigated in order to improve the naphthoquinone content in I. balsamina leaf extracts. For this purpose it is necessary to optimize the extraction method of naphthoquinones from the collected leaves. The reported analytical methods for quantitative determination of naphthoquinones in I. balsamina leaves, include TLC-densitometry (Panichayupakaranant, 2001 ) and HPLC (Lobstein et al., 2001; Babula et al., 2006) . However, these methods could not perform the simultaneous analysis of the three naphthoquinones. The simultaneous quantitative determination of lawsone, lawsone methyl ether and methylene-3,3'-bilawsone in I.
balsamina leaf extracts by HPLC was necessary.
A few extraction solvents with different polarities were examined to maximize naphthoquinone content in I. balsamina leaf extracts (Sakunphueak and Panichayupakaranant, 2010) . Methanol and chloroform gave significantly higher total naphthoquinone content (0.213 ± 0.016 and 0.206 ± 0.017% w/w, respectively) than ethyl acetate (0.130 ± 0.015 % w/w). Methanol was efficient for the extraction of all three naphthoquinones, whereas chloroform alone failed to extract methylene-3,3'-bilawsone.
Mixed extraction solvents containing methanol and chloroform were therefore further examined to optimize naphthoquinone content of I. balsamina leaf extracts. Increasing of chloroform concentration up to 50% v/v in methanol resulted in an increased extraction of all naphthoquinones. However, the naphthoquinone content was decreased when chloroform concentration was further increased to 70% v/v. An extraction solvent mixture of 50% v/v chloroform in methanol was capable of increasing the naphthoquinone content in leaf extracts up to 0.33 ± 0.022% w/w, and this solvent mixture was judged to be the ideal solvent from among the mixtures studied.
A validated simultaneous quantitative HPLC assay of three naphthoquinones in I. balsamina extracts has been described (Sakunphueak and Panichayupakaranant, 2011) .
Appropriate conditions for the simultaneous quantitative determination of lawsone, lawsone methyl ether and methylene-3,3'-bilawsone in I. balsamina leaf extracts required the use of gradient reversed-phase HPLC. Since all three compounds have a high UV absorption at 280 nm, this wavelength was used for quantification. Mixtures of methanol and 2% aqueous acetic acid were examined as the mobile phase, and the ratios as well as gradient elution system were altered until all three compounds were satisfactorily resolved at the baseline in 35 minutes. This HPLC method was slightly faster than the HPLC method previously described by Lobstein et al. (2001) , and is capable of simultaneous quantification of lawsone, lawsone methyl ether and methylene-3,3'-bilawsone. The method is simple, selective and sensitive. In addition, the method does not require many steps for sample preparation.
The use of this HPLC method readily allowed the identification of all the naphthoquinones in I. balsamina leaf extracts. Lawsone (0.72 mg/g dry weight), lawsone methyl ether (1.05 mg/g dry weight) and methylene-3,3'-bilawsone (0.03 mg/g dry weight w/w) were detected as the major naphthoquinones found in I. basamina leaves.
The analytical method for naphthoquinones from I. balsamina was examined for balsamina leaf extracts.
Linearity was evaluated using standard samples over five calibration points (3.12, 6.25, 12.5, 25.0, 50 .0 µg/ml). On a given day, each concentration was analyzed in triplicate, with a total of nine measurements for each calibration point. Three separate calibration curves were obtained on three different days by plotting the mean peak area against concentration. Excellent linearity was observed for the analytes over the ranges 3.12 -50 μg/ml, with correlation coefficients 0.9995, 0.9998 and 0.9998 for lawsone, lawsone methyl ether and methylene-3,3'-bilawsone, respectively.
The accuracy of the analytical method was studied by spiking solutions of lawsone, lawsone methyl ether and methylene-3,3'-bilawsone, at concentrations of 50, 25 and 12.5 μg/ml into I. balsamina leaf extracts to evaluate recoveries of naphthoquinones for this method. The recoveries near to 100% indicate a good accuracy of this method.
The precision of the chromatographic method was tested by performing intra-and inter-day multiple injections of a standard solution containing lawsone, lawsone methyl ether and methylene-3,3'-bilawsone. The percentage relative standard deviation (%RSD) of the retention times and peak areas were calculated, and the values of intra-and interday for lawsone, lawsone methyl ether and methylene-3,3'-bilawsone were each less than 1% for both retention times and peak areas, indicating high precision of the developed HPLC method. The precision of the extraction procedure was similarly evaluated by determining intra-and inter-day %RSD data from repeated extraction of the same batch of leaves. The results suggest that the method is capable of quantification of lawsone, lawsone methyl ether and methylene-3,3'-bilawsone with high precision.
Specificity of the method was evaluated using UV absorption spectra at three points of each of the three peaks. Comparison of these spectra with those for authentic samples revealed that each peak was homogeneous and not overlapping with any impurity peaks.
The proposed HPLC method may be considered suitable for routine quantitative determinations on either the fresh or dried plant material or its extracts, in quality control protocols.
